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
$&DVH0DWFKHG*HQGHU&RPSDULVRQ7UDQVFULSWRPLF6FUHHQ
,GHQWLILHVH,)(DQGH,)DV3RWHQWLDO3URJQRVWLF0DUNHUVLQ0DOH
%UHDVW&DQFHU
0DWWKHZ 3 +XPSKULHV 6UHHNXPDU 6XQGDUD 5DMDQ $ODVWDLU 'URRS &KDUORWWH $%
6XOHPDQ&DUPLQH&DUERQH&HFLOLD1LOVVRQ+HGLHK +RQDUSLVKHK*DERU&VHUQL -R
'HQW/DXUD)XOIRUG/HH-RUGDQ  -/RXLVH-RQHV5DQL.DQWKDQ0DULD/LWZLQLXN
$QQD 'L %HQHGHWWR 0DUFHOOD 0RWWROHVH (OHQD 3URYHQ]DQR 6DPL 6KRXVKD 0DUN
6WHSKHQV5RVHPDU\$:DONHU-DQLQD.XOND,DQ2(OOLV0DUJDUHW-HIIHU\+HOHQH
+ 7K\JHVHQ 9HUD &DSSHOOHWWL 0DULD * 'DLGRQH ,QJULG +HGHQIDON 0DULH/RXLVH
)MlOOVNRJ'DYLGH0HOLVL/XF\)6WHDG$EHHU06KDDEDQ9DOHULH6SHLUV
/HHGV,QVWLWXWHRI&DQFHUDQG3DWKRORJ\8QLYHUVLW\RI/HHGV/HHGV/67)8.05&0HGLFDO
%LRLQIRUPDWLFV &HQWUH 8QLYHUVLW\ RI /HHGV &ODUHQGRQ :D\ /HHGV /6 1/ 8. 'HSDUWPHQW RI
+LVWRSDWKRORJ\ 6W -DPHV
V 8QLYHUVLW\ +RVSLWDO /HHGV /6 7) 8. &RPSUHKHQVLYH &DQFHU
&HQWHU $]LHQGD 2VSHGDOLHUD 8QLYHUVLWDULD ,QWHJUDWD  9HURQD ,WDO\ &HQWHU IRU &OLQLFDO
5HVHDUFK 9lVWPDQODQG &RXQW\ +RVSLWDO 9lVWHUnV 6ZHGHQ 'HSDUWPHQW 0HGLFDO 6FLHQFHV
8QLYHUVLW\ RI 8SSVDOD 8SSVDOD 6ZHGHQ 0' $QGHUVRQ &DQFHU &HQWUH +RXVWRQ 7H[DV 86$
'HSDUWPHQWRI3DWKRORJ\%iFV.LVNXQ&RXQW\7HDFKLQJ+RVSLWDO1\LULXW+ &DOGHUGDOH
+RVSLWDO +DOLID[ 8. 6XUUH\ 	 6XVVH[ 1+6 7UXVW 5HGKLOO 8. 8QLYHUVLW\ RI 'XQGHH1+6
7D\VLGH 'XQGHH 8. ?%DUWV &DQFHU ,QVWLWXWH /RQGRQ 8. 'HSDUWPHQW RI 3DWKRORJ\ DQG
/DERUDWRU\ 0HGLFLQH 8QLYHUVLW\ RI 6DVNDWFKHZDQ 6DVNDWRRQ &DQDGD 3R]QDQ 8QLYHUVLW\ RI
0HGLFDO 6FLHQFHV *UHDWHU 3RODQG &DQFHU &HQWUH 3R]QDQ 3RODQG 'HSDUWPHQW RI 3DWKRORJ\
5HJLQD(OHQD1DWLRQDO&DQFHU,QVWLWXWH5RPH,WDO\'HSDUWPHQWRI+LVWRSDWKRORJ\$GGHQEURRNH
V
+RVSLWDO &DPEULGJH 8. 'HSDUWPHQW RI +LVWRSDWKRORJ\ ,PSHULDO &ROOHJH +HDOWKFDUH 1+6 7UXVW
DQG ,PSHULDO &ROOHJH &KDULQJ &URVV +RVSLWDO /RQGRQ : 5) 8. 8QLYHUVLW\ +RVSLWDO RI 1RUWK
6WDIIRUGVKLUH6WRNHRQ7UHQW8.&DQFHU6WXGLHVDQG0ROHFXODU0HGLFLQH8QLYHUVLW\RI/HLFHVWHU
 ?

/HLFHVWHU8.QG'HSDUWPHQWRI3DWKRORJ\6HPPHOZHLV8QLYHUVLW\hOOĘL~W%XGDSHVW
+XQJDU\)DFXOW\RI0HGLFLQH	+HDOWK6FLHQFHV1RWWLQJKDP&LW\+RVSLWDO1RWWLQJKDP1*3%
8.'HSDUWPHQWRI+LVWRSDWKRORJ\7KH3DWKRORJ\&HQWUH4XHHQ$OH[DQGUD+RVSLWDO3RUWVPRXWK
32 /< 'HSDUWPHQW RI ([SHULPHQWDO 2QFRORJ\ DQG 0ROHFXODU 0HGLFLQH )RQGD]LRQH ,5&&6
,VWLWXWR1D]LRQDOHGHL7XPRUL0LODQ,WDO\'HSDUWPHQWRI2QFRORJ\DQG3DWKRORJ\&OLQLFDO6FLHQFHV
DQG &5($7( +HDOWK 6WUDWHJLF &HQWHU IRU 7UDQVODWLRQDO &DQFHU 5HVHDUFK /XQG 8QLYHUVLW\ /XQG
6ZHGHQ'LJHVWLYH0ROHFXODU&OLQLFDO2QFRORJ\5HVHDUFK8QLW'HSDUWPHQWRI0HGLFLQH8QLYHUVLWj
GHJOL VWXGL GL 9HURQD  9HURQD ,WDO\ 'HSDUWPHQW RI &HOOXODU 3DWKRORJ\ 4XHHQ (OL]DEHWK
+RVSLWDO%LUPLQJKDPDQG8QLYHUVLW\RI%LUPLQJKDP%LUPLQJKDP%7:8.

&RQIOLFWVRILQWHUHVW
0/ )MlOOVNRJ &OLQLFDO 3URJUDP /HDGHU 7UDQVODWLRQDO &OLQLFDO 2QFRORJ\ DW 1RYDUWLV
'HSDUWPHQW 0HGLFDO 6FLHQFHV 8QLYHUVLW\ RI 8SSVDOD 8SSVDOD 6ZHGHQ KDV
UHFHLYHGLQVWLWXWHIXQGLQJIURP1RYDUWLV
7KHRWKHUDXWKRUVKDYHQRFRQIOLFWVRILQWHUHVWRUUHODWLRQVKLSVWRGHFODUH

$FNQRZOHGJHPHQWVRIUHVHDUFKVXSSRUWIRUWKHVWXG\
7KLVVWXG\ZDVIXQGHGE\<RUNVKLUH&DQFHU5HVHDUFKJUDQW/%UHDVW&DQFHU
1RZIRUPHUO\%UHDVW&DQFHU&DPSDLJQJUDQW0D\35SURYLGHGIXQGLQJIRU
WKHDFFUXDODQGFRQVWUXFWLRQRIWKH0%&70$V7KH%UHDVW&DQFHU5HVHDUFK7UXVW
FRQWULEXWHGWRZDUGVFRVWVRIJHQRPLFDQDO\VLV7KLVZRUNZDVSDUWLDOO\VXSSRUWHGE\
JUDQWVIURPWKH,WDOLDQ$VVRFLDWLRQIRU&DQFHU5HVHDUFKDQGWKH6ZHGLVK&DQFHU
6RFLHW\

 ?

&RUUHVSRQGHQFH 3URI 9 6SHLUV /HHGV ,QVWLWXWH RI &DQFHU DQG 3DWKRORJ\
8QLYHUVLW\RI/HHGV/HHGV/67)8.(PDLOYVSHLUV#OHHGVDFXNXN7HO
)D[


5XQQLQJKHDG3URJQRVWLFELRPDUNHUVLQPDOHEUHDVWFDQFHU

 
 ?

$EVWUDFW
3XUSRVH %UHDVW FDQFHU %& DIIHFWV ERWK JHQGHUV EXW LV XQGHUVWXGLHG LQ PHQ
$OWKRXJK VWLOO UDUH PDOH %& LV EHLQJ GLDJQRVHG PRUH IUHTXHQWO\ 7UHDWPHQWV DUH
ZKROO\LQIRUPHGE\FOLQLFDOVWXGLHVFRQGXFWHGLQZRPHQEDVHGRQDVVXPSWLRQVWKDW
XQGHUO\LQJELRORJ\LVVLPLODU
([SHULPHQWDO GHVLJQ $ WUDQVFULSWRPLF LQYHVWLJDWLRQ RI PDOH DQG IHPDOH %& ZDV
SHUIRUPHG FRQILUPLQJ WUDQVFULSWRPLF GDWD in silico %LRPDUNHUV ZHUH
LPPXQRKLVWRFKHPLFDOO\ DVVHVVHG LQ  0%&V Q  WUDLQLQJ Q  YDOLGDWLRQ
VHW DQG TXDQWLILHG LQ SUH DQG SRVWWUHDWPHQW VDPSOHV IURP D PDOH %& SDWLHQW
UHFHLYLQJ(YHUROLPXVDQG3,.P725LQKLELWRU
5HVXOWV *HQGHUVSHFLILF JHQH H[SUHVVLRQ SDWWHUQV ZHUH LGHQWLILHG H,) WUDQVFULSWV
ZHUH XSUHJXODWHG LQ 0%& H,)( DQG H,) ZHUH QHJDWLYHO\ SURJQRVWLF IRU RYHUDOO
VXUYLYDODORQH/RJUDQNS +5 DQGS +5 
UHVSHFWLYHO\RUZKHQFRH[SUHVVHGS +5 FRQILUPHG
LQWKHYDOLGDWLRQVHW7KLVUHPDLQHGXSRQPXOWLYDULDWH&R[UHJUHVVLRQDQDO\VLVH,)(
S  +5   H,) S  +5   FRH[SUHVVLRQ
S  +5   0DUNHG UHGXFWLRQ LQ H,)( DQG H,) H[SUHVVLRQ
ZDVVHHQSRVW%(=(YHUROLPXVZLWKH[WHQGHGVXUYLYDO
&RQFOXVLRQV 7UDQVODWLRQDO LQLWLDWLRQ SDWKZD\ LQKLELWLRQ FRXOG EH RI FOLQLFDO XWLOLW\ LQ
PDOH%&SDWLHQWVRYHUH[SUHVVLQJH,)(DQGH,):LWKP725LQKLELWRUVZKLFKWDUJHW
WKLV SDWKZD\ QRZ LQ WKH FOLQLF WKHVH ELRPDUNHUV PD\ UHSUHVHQW QHZ WDUJHWV IRU
WKHUDSHXWLFLQWHUYHQWLRQDOWKRXJKIXUWKHULQGHSHQGHQWYDOLGDWLRQLVUHTXLUHG

.H\ZRUGVEUHDVWFDQFHUJHQRPLFVH,)VXUYLYDOP725LQKLELWRU
 ?


6WDWHPHQWRIVLJQLILFDQFH
*HQRPLF DQG WUDQVFULSWRPLF DQDO\VLV RI IRXU LQGHSHQGHQW PDOH EUHDVW FDQFHU
GDWDVHWV LGHQWLILHGXSUHJXODWLRQRI WUDQVODWLRQDO LQLWLDWLRQSDWKZD\JHQHVH,)(DQG
H,) ZHUH LQGHSHQGHQW SUHGLFWRUV RI VXUYLYDO HLWKHU DORQH RU ZKHQ FRH[SUHVVHG
6DPSOHV IURP D SDWLHQW UHFHLYLQJ D FRPELQDWLRQ RI DJHQWV WDUJHWLQJ WKLV SDWKZD\
VXJJHVWVWKLVSDWKZD\PD\EHWUDFWDEOH
 
 ?

,QWURGXFWLRQ
7KHQHHG IRUPRUH UHILQHG WKHUDSHXWLF WUHDWPHQWV IRUPDOHEUHDVWFDQFHU 0%& LV
HYLGHQFHGE\DVWHDG\VWUHDPRISXEOLFDWLRQVKLJKOLJKWLQJJHQGHUVSHFLILFGLIIHUHQFHV
XVLQJ LPPXQRKLVWRFKHPLVWU\ >@ JHQHWLFV >@ DQG PRUH UHFHQWO\ HSLJHQHWLFV
>@2IQRWHZKLOVW0%&LVVLPLODUKLVWRORJLFDOO\WRIHPDOHEUHDVWFDQFHU)%&
ZLWK WKH VDPH SDQHO RI ELRPDUNHUV XVHG WR JXLGH WUHDWPHQW DQG SURJQRVLV PRUH
ULJRURXV LQWHUURJDWLRQ RI WKH XQGHUO\LQJ JHQHWLFV VKRZV KHWHURJHQHLW\ LQ 0%&  DV
UHFRJQLVHGLQ)%&ZKHUHPROHFXODUSURILOLQJKDVLGHQWLILHGGLIIHUHQWVXEJURXSVZKLFK
FRUUHODWHZLWKYDU\LQJFOLQLFDORXWFRPHV*HQHH[SUHVVLRQDQDO\VLVRI0%&LVPRUH
OLPLWHG1HYHUWKHOHVVJHQHWLFGLVSDULW\KDVEHHQUHSRUWHGQRWDEO\JHQHVLQYROYHGLQ
H[WUDFHOOXODU PDWUL[ UHPRGHOOLQJ PHWDEROLVP DQG SURWHLQ V\QWKHVLV YLD JHQHV
LQYROYHGLQWUDQVODWLRQDOLQLWLDWLRQLQFOXGLQJH,)(>@ZKLFKDUHRIWHQXSUHJXODWHGLQ
0%&FRPSDUHG WR)%& )XUWKHUZRUNKDV LGHQWLILHGGLVWLQFWVXEJURXSVRI0%&
WHUPHGOXPLQDO0DQGOXPLQDO0ZKLFKGLIIHUHGIURPPROHFXODUVXEW\SHVVHHQLQ
)%& >@ 7KLV ZRUN DOVR UHSRUWHG WKDW N-DFHW\OWUDQVIHUDVH D JHQH WKRXJKW WR EH
LQYROYHG LQGUXJPHWDEROLVPZDVDSURJQRVWLFPDUNHU IRU0%& >@6XEVHTXHQW WR
WKLV-RKDQVVRQet al GRFXPHQWHGGLIIHUHQWLDOGULYHUJHQHVLQ0%&YV)%&>@0RVW
UHFHQWO\DGLVWLQFWUHSHUWRLUHRIJHQHWLFDOWHUDWLRQVZHUHUHSRUWHGLQ0%&FDXWLRQLQJ
WKH DSSOLFDWLRQ RI )%& GDWD WR WKHUDSHXWLF DSSOLFDWLRQ LQ 0%& >@  *HQRPLF DQG
LPPXQRKLVWRFKHPLFDO H[DPLQDWLRQ RI D VLQJOH 0%& SDWLHQW ZLWK UHFXUUHQW GLVHDVH
VKRZHGDFKDQJH LQKRUPRQH UHFHSWRUH[SUHVVLRQ LQ WKHSRVWSURJUHVVLRQVDPSOH
ZLWK OLWWOH FKDQJH DW WKH JHQRPLF OHYHO ZKLOVW UHFHLYLQJ D FRPELQDWLRQ RI
%(=(YHUROLPXV>@

 ?

7DNLQJ DGYDQWDJH RI RXU ODUJH FROOHFWLRQ RI 0%& VDPSOHV ZH DLPHG WR JHQHUDWH
JHQH H[SUHVVLRQ SURILOHV RI PDWFKHG 0%& DQG )%& VDPSOHV DQG DVVHVV
LPPXQRKLVWRFKHPLFDOO\LIGLIIHUHQFHVLQVSHFLILFELRPDUNHUVDIIHFWHGFOLQLFDORXWFRPH
LQ PHQ XVLQJ D WUDLQLQJ VHW RI  DQG D YDOLGDWLRQ VHW RI  FDVHV )LQDOO\ ZH
DQDO\VHGH[SUHVVLRQRIWKHVHELRPDUNHUVLQSUHDQGSRVWWUHDWPHQWVDPSOHVIURPD
0%&SDWLHQWZKRUHFHLYHGDFRPELQDWLRQRIWKH3,.P725LQKLELWRUV%(=DQG
(YHUROLPXV>@

 
 ?

0HWKRGV
(WKLFDODSSURYDODQGSDWLHQWPDWHULDO
/HHGV (DVW 5HVHDUFK (WKLFV &RPPLWWHH 4 <+ JUDQWHG
HWKLFDO DSSURYDO )RU JHQGHU FRPSDULVRQ WUDQVFULSWRPLFV FDVHV ZHUH PDWFKHG IRU
DJHVL]HQRGDODQGVXUYLYDOVWDWXV)RUPDOLQIL[HGSDUDIILQHPEHGGHGPDOHQ 
DQGIHPDOHQ SULPDU\ LQYDVLYHGXFWDOFDUFLQRPD(5SRVLWLYH+(5QHJDWLYH
QRGHQHJDWLYH ZHUH LGHQWLILHG IURP KLVWRSDWKRORJ\ DUFKLYHV $Q DGGLWLRQDO  PDOH
DQGIHPDOHIUR]HQFDVHVZHUHXVHGWRFRQILUPJHQHH[SUHVVLRQ$WUDLQLQJVHWRI
 0%&V UHSUHVHQWHG RQ WLVVXH PLFURDUUD\V 70$V Q   FRQVWUXFWHG DV
GHVFULEHG>@DQGIXOO IDFHGVHFWLRQVSOXVDYDOLGDWLRQVHWFDVHVRQ70$V
>@ZDVXVHG LQ LPPXQRKLVWRFKHPLVWU\3DWLHQWFKDUDFWHULVWLFVDUHVKRZQ LQ7DEOH
'HWDLOVRQWKHGDWDVHWVXVHGLQWKHH[SORUDWLYHDQGYDOLGDWLRQSKDVHVLVSURYLGHG
)LJXUH6&DVHVZHUHSVHXGRDQRQ\PLVHGDQGGDWDDQDO\VHGDQRQ\PRXVO\

*HQHH[SUHVVLRQ
)LYH[PVHFWLRQVDSSOLHGWR$OPDF'LDJQRVWLFV&UDLJDYRQ8.%UHDVW&DQFHU
'6$ SODWIRUP UHSUHVHQWLQJ  JHQHV DFFRUGLQJ WR LQ KRXVH SURWRFROV >@
7KUHH0%&VDPSOHVIDLOHG4&DQGZHUHH[FOXGHGIURPIXUWKHUDQDO\VLV*HQHVWKDW
ZHUH VLJQLILFDQWO\ GLIIHUHQWLDOO\ H[SUHVVHG EHWZHHQ JHQGHUV ZHUH FDOFXODWHG IURP
$OPDF QRUPDOLVHG DQG WUDQVIRUPHG GDWD ZLWK )'5 WKUHVKROG RI  DQG D IROG
FKDQJHVLJQLILFDQFHRI5HSUHVHQWDWLYHKHDWPDSVZHUHJHQHUDWHGIURPUHVXOWLQJ
H[SUHVVLRQ GDWD XVLQJ KLHUDUFKLFDO FOXVWHULQJ DQG 3DWKZD\ ,QJHQXLW\ $QDO\VLV WR
LGHQWLI\ JHQGHUVSHFLILF JHQH H[SUHVVLRQ 7KH PLFURDUUD\ GDWD DUH DYDLODEOH RQ
$UUD\([SUHVV ZZZHELDFXNDUUD\H[SUHVVDFFHVVLRQQXPEHU(07$%7KH
2QFRPLQHSODWIRUPZDVXVHGIRUIXUWKHUGDWDPLQLQJ
 ?


,PPXQRKLVWRFKHPLVWU\
5(0$5. FULWHULD ZHUH HPSOR\HG >@ ,PPXQRKLVWRFKHPLVWU\ ZDV FRQGXFWHG DV
SUHYLRXVO\GHVFULEHGXVLQJZHOOYDOLGDWHGDQWLERGLHV >@ LQFOXGLQJH,)$EFDP
DEH,)$EFDPDEH,)$EFDPDE
H,)(6DQWD&UX]VFH,)$EFDPDE&DVHVZHUH
EDWFK VWDLQHG IRU HDFK DQWLERG\ ZLWK UHFRPPHQGHG FRQWUROV 70$V ZHUH GLJLWLVHG
[/HLFD$SHULR$76FDQ6FRSHVFDQQHU/HLFD%LRV\VWHPV8.(DFK70$FRUH
ZDV YLHZHG XVLQJ LQKRXVH VRIWZDUH DQG DVVHVVHG VHPLTXDQWLWDWLYHO\ IRU HDFK
ELRPDUNHU WDNLQJ DFFRXQW RI VWDLQLQJ LQWHQVLW\ DQG SHUFHQWDJH RI WXPRXU FHOOV
2YHUDOO VFRUHV ZHUH DYHUDJHG IURP HLWKHU GXSOLFDWH RU WULSOLFDWH FRUHV ZKLFK
UHSUHVHQWHGDFDVH6WDLQLQJZDVJHQHUDOO\F\WRSODVPLFRXUJURXSKDVVKRZQWKDW
QXFOHDU VWDLQLQJ LV VHHQ RFFDVLRQDOO\ EXW LV QRW RI SURJQRVWLF YDOXH >@ WKHUHIRUH
RQO\ F\WRSODVPLF VWDLQLQJ ZDV FRQVLGHUHG 6FRULQJ FULWHULD ZHUH GHWHUPLQHG IURP
SUHYLRXVO\UHSRUWHGVWXGLHV>@&DVHVZHUHVFRUHGE\03+ZLWKFRVFRULQJRI
 &$%6 WUDLQHH KLVWRSDWKRORJLVW RYHUVHHQ E\ $06 VSHFLDOLVHG EUHDVW
FRQVXOWDQW KLVWRSDWKRORJLVW :KHUH GLVDJUHHPHQW ZDV UHSRUWHG VFRUH ! Q 
FDVHVZHUH UHUHYLHZHG WR UHDFK FRQVHQVXV([FHOOHQW VWUHQJWKRI DJUHHPHQWZDV
REVHUYHG EHWZHHQ VFRUHUV XVLQJ ,QWHU&ODVV &RUUHODWLRQ &RHIILFLHQWV H,) 
&,H,)&,H,)(&,
 H,)  &,  6FRUHV ZHUH LQGHWHUPLQDEOH LQ  FDVHV
GXHWRFRUHORVVH[KDXVWLRQGXULQJSURFHVVLQJZHOOUHFRJQLVHGZLWK70$V

$QDO\VLVRIH,)(DQGH,)RQDVLQJOHSDWLHQWSURJUHVVLRQVHULHVWUHDWHGZLWK
3,.P725LQKLELWRUV
 ? ?

3UHDQGSRVWWUHDWPHQWELRSVLHVZHUHREWDLQHGIURPD\HDUROG&DXFDVLDQPDOH
GLDJQRVHGLQZLWK(535+(5LQILOWUDWLYHSDSLOODU\EUHDVWFDQFHUZKRVH
FOLQLFDOKLVWRU\KDVEHHQUHSRUWHG >@)ROORZLQJPDVWHFWRP\KHUHFHLYHGDGMXYDQW
WDPR[LIHQEXWGHYHORSHGDFRQWUDODWHUDOJUDGH(535+(5LQILOWUDWLYHGXFWDO
FDUFLQRPD  \HDUV ODWHU SUHWUHDWPHQW VDPSOH 6WDQGDUG DGMXYDQW FKHPRWKHUDS\
FRPPHQFHG ZLWK  ZHHNV RI UDGLRWKHUDS\ DQG VXEVHTXHQW DGMXYDQW OHWUR]ROH
7KLUWHHQPRQWKVODWHUKHGHYHORSHGPXOWLSOHQRGDODQGELODWHUDOOXQJPHWDVWDVHVDQG
ZDV VZLWFKHG WR D VFKHGXOH RI YLQRUHOELQH SOXV FDSHFLWDELQH HYHU\  ZHHNV
)ROORZLQJ GLVHDVH VWDELOLVDWLRQ KH UHFHLYHG IXOYHVWUDQW $IWHU  PRQWKV QRGH
SURJUHVVLRQZDVQRWHGDQGWKHSDWLHQWZDVVZLWFKHGWR%(=PJRUDOO\WZLFH
GDLO\SOXVVXEWKHUDSHXWLF(YHUROLPXVPJZHHNO\$VLGH IURPDVNLQUDVKWKLV
ZDVZHOO WROHUDWHGDQGVWDEOHGLVHDVHZDVPDLQWDLQHGIRUDIXUWKHUPRQWKVDIWHU
ZKLFK D QRGDO PHWDVWDVLV GHYHORSHG SRVWWUHDWPHQW VDPSOH H,)( DQG H,)
H[SUHVVLRQ ZDV DVVHVVHG LPPXQRKLVWRFKHPLFDOO\ LQ WKH SUH DQG SRVWWUHDWPHQW
VDPSOHV DV GHVFULEHG DERYH DQG UHYLHZHG E\ WZR LQYHVWLJDWRUV 03+ DQG $06
DQGTXDQWLILHG/HLFD$SHULRSRVLWLYHSL[HOFRXQWDOJRULWKPYHUVLRQ

6WDWLVWLFDODQDO\VLV 
5HFHLYHU RSHUDWRU FXUYHV ZHUH JHQHUDWHG WR REWDLQ UHOHYDQW FXWRIIV >@
$VVRFLDWLRQV ZLWK 'LVHDVHIUHH DQG 2YHUDOO VXUYLYDO ')6 IURP LQLWLDO GLDJQRVLV WR
WKHGLDJQRVLVRIORFDORUGLVWDQWUHFXUUHQFH26IURPLQLWLDOGLDJQRVLVWRGHDWKZHUH
DQDO\VHG.DSODQ±0HLHUSORWVORJUDQNWHVW+D]DUGUDWLRVZHUHGHWHUPLQHGE\&R[
UHJUHVVLRQ )ROORZ XS SDWLHQW LQIRUPDWLRQ ZDV XSGDWHG LQ -XQH  DQG VXUYLYDO
SHULRGV FDOFXODWHG3DWLHQWVZHUH FHQVRUHGDW WKH ODVW GD\ WKH\ZHUH NQRZQ WREH
DOLYH 9DULDEOHV ZHUH HQWHUHG LQ XQLYDULDWH DQG PXOWLYDULDWH DQDO\VLV &R[
 ? ?

SURSRUWLRQDOKD]DUGVUHJUHVVLRQPRGHO*HQHH[SUHVVLRQSYDOXHVZHUHDGMXVWHGIRU
PXOWLSOH WHVWLQJ XVLQJ WKH IDOVH GLVFRYHU\ UDWH PHWKRG %HQMDPLQL+RFKEHUJ
SURFHGXUH

5HVXOWV
*HQGHUFRPSDULVRQRIJHQHH[SUHVVLRQ
+LHUDUFKLFDODJJORPHUDWLYHFOXVWHULQJUHYHDOHGGLIIHUHQWLDOJHQHH[SUHVVLRQSDWWHUQV
LQ 0%& DQG )%& )LJXUH $ 8QVXSHUYLVHG FOXVWHULQJ UHYHDOHG WKUHH GLVWLQFW
JHQGHUVSHFLILFFOXVWHUV7KHWRSJHQHFOXVWHUGLVSOD\HGKLJKHUH[SUHVVLRQLQ0%&
7KHPLGGOHFOXVWHU VKRZHG ORZHUH[SUHVVLRQ LQ0%&ZKLOH WKHERWWRPFOXVWHUZDV
RYHUUHSUHVHQWHGLQ0%&)XUWKHUDQDO\VLVRIWKHWRSFOXVWHUVKRZHGFRPSRQHQWVRI
WKH WUDQVODWLRQDO LQLWLDWLRQ PDFKLQHU\ ZHUH RYHUH[SUHVVHG LQ 0%& FRPSDUHG ZLWK
)%& QRWDEO\ JHQHV DVVRFLDWHG ZLWK WUDQVODWLRQDO LQLWLDWLRQ SDWKZD\ 7KLV ZDV
FRQILUPHGWKURXJKPLQLQJDQLQGHSHQGHQW0%&GDWDVHW>@)LJXUH%DQGDOVRE\
LQWHUURJDWLRQRI2QFRPLQHZKLFKVKRZHGKLJKHUH[SUHVVLRQRIH,)(DQGH,)LQ
EUHDVWDQGOXQJFDQFHUFRPSDUHGWRPDWFKHGQRUPDOWLVVXH:KHQWKHVHELRPDUNHUV
ZHUHFRPSDUHGIRUJHQGHUH,)(DQGH,)H[SUHVVLRQZDVSURSRUWLRQDWHO\KLJKHULQ
PDOHEUHDVWEXWQRWOXQJFDQFHU)LJXUH6

H,)(DQGH,)H[SUHVVLRQDUHLQGHSHQGHQWO\SURJQRVWLFLQ0%&
+DYLQJ LGHQWLILHGJHQGHUVSHFLILFGLIIHUHQFHV LQH,)JHQHH[SUHVVLRQZHH[DPLQHG
WKLVLPPXQRKLVWRFKHPLFDOO\LQ0%&VWUDLQLQJVHWQ YDOLGDWLRQVHWQ 
>@ &\WRSODVPLF H[SUHVVLRQ ZDV SUHVHQW LQ LQYDVLYH WXPRXU FHOOV IRU DOO IDPLO\
 ? ?

PHPEHUVH[DPLQHGH[FHSWH,)ZKLFKZDVFRQVLVWHQWO\QHJDWLYHGHVSLWHSRVLWLYH
VWDLQLQJRIFRORQSRVLWLYHFRQWUROWLVVXH)LJXUH67UDLQLQJDQGYDOLGDWLRQVHWVZHUH
VFRUHGVHPLTXDQWLWDWLYHO\IRUHDFKELRPDUNHUWDNLQJDFFRXQWRILQWHQVLW\RIVWDLQLQJ
DQG SHUFHQWDJH RI SRVLWLYH WXPRXU FHOOV 5HSUHVHQWDWLYH VWDLQLQJ IRU HDFK H,) LV
VKRZQLQ)LJXUH652&FXUYHVZHUHSORWWHGDQGXVHGWRGHWHUPLQHWKHRSWLPXP
FXWRIIYDOXHIRUHDFKDQWLERG\7KHVHZHUHH,)H,)H,)(DQG
H,))LJXUH6

.DSODQ0HLHUVXUYLYDOFXUYHVVKRZLQJWKHLPSDFWRIH,)H[SUHVVLRQRQ26DQG')6
DUHVKRZQ)LJXUH([SUHVVLRQRIH,)(DQGH,)ZDVDVVRFLDWHGZLWKZRUVH26
7KLV UHODWLRQVKLS ZDV DOVR REVHUYHG LQ WKH YDOLGDWLRQ VHW DQG UHPDLQHG XSRQ
PXOWLYDULDWH DQDO\VLV LQ WKH ODUJHU WUDLQLQJ VHW ZKHQ DGMXVWHG IRU DJH WXPRXU VL]H
O\PSK QRGH SRVLWLYLW\ DQG JUDGH 7DEOH  HYHQ ZLWK GLVSDULW\ LQ VLJQLILFDQFH RI
O\PSK QRGH VWDWXV EHWZHHQ WKH  GDWD VHWV ZH DWWULEXWH WKLV WR GLIIHUHQFHV LQ WKH
ZHLJKWLQJ RI OLYHGHDG LQ HDFK GDWDVHW $OWHUQDWLYHO\ WKLV PD\ UHIOHFW WKH ODFN RI
FRPSOHWH GDWD RQ O\PSK QRGH VWDWXV LQ ERWK FRKRUWV 7DEOH  GHVSLWH RXU EHVW
HIIRUWVZHZHUHXQDEOH WRREWDLQ WKLV6LJQLILFDQFHUHPDLQHGZKHQ WKH WUDLQLQJDQG
YDOLGDWLRQVHWVZHUHFRPELQHGQ FDVHV7DEOH

$VRQO\H,)(DQGH,) LPSDFWHGRQVXUYLYDOZHH[DPLQHG WKHHIIHFWVRI WKHLUFR
H[SUHVVLRQ/RZH[SUHVVLRQZDVGHWHUPLQHGIRUFDVHVZLWKVFRUHVEHORZWKHGHILQHG
FXW SRLQW  IRU H,)( DQG  IRU H,) Q  +LJK H[SUHVVLRQ ! IRU
H,)(DQG!IRUH,)Q &DVHVWKDWRYHUH[SUHVVHGH,)(DQGH,)!
! UHVSHFWLYHO\ KDG VLJQLILFDQWO\ VKRUWHU VXUYLYDO FRPSDUHG WR WKRVH ZKR
H[SUHVVHG H,)( DQG H,) DW ORZHU OHYHOV   UHVSHFWLYHO\ )LJXUH 
 ? ?

&DVHV ZKLFK ZHUH KLJK IRU RQH RI WKH SURWHLQV IHOO EHWZHHQ ERWK FXUYHV GDWD QRW
VKRZQ &RH[SUHVVLRQ RI H,)( DQG H,) UHPDLQHG VLJQLILFDQW XSRQ PXOWLYDULDWH
DQDO\VLVS +5±LQWKHWUDLQLQJVHW7DEOH&RUUHODWLRQV
EHWZHHQH,)(H[SUHVVLRQZLWK353DQGORZWXPRXUJUDGH3ZHUH
REVHUYHGZKLOH$5FRUUHODWHGZLWKH,)3ZLWKDWUHQGWRZDUGVFRUUHODWLRQ
ZLWK35DQGORZJUDGH7DEOH61RVLJQLILFDQWFRUUHODWLRQZLWKFOLQLFRSDWKRORJLFDO
SDUDPHWHUV ZDV REVHUYHG LQ FDVHV ZKLFK FRH[SUHVVHG H,)( DQG H,) DOWKRXJK
WUHQGVZLWKORZHUJUDGHDQG35ZHUHVXJJHVWHG

%(=(YHUROLPXVFRPELQDWLRQWKHUDS\DOWHUVH,)(DQGH[SUHVVLRQ
$V RYHUH[SUHVVLRQ RI H,)( DQG H,) ZDV DVVRFLDWHG ZLWK UHGXFHG 26 ZH
H[DPLQHG WKH HIIHFWV RI WUHDWPHQWV NQRZQ WR LPSDFW RQ WKHLU VLJQDOOLQJ LQ D VLQJOH
0%&SDWLHQW ,Q WKHSUHWUHDWPHQW VDPSOH VWURQJF\WRSODVPLFH[SUHVVLRQRIH,)(
DQGH,)ZDVREVHUYHG)LJXUH$&UHVSHFWLYHO\6WULNLQJO\LQWKHSRVWWUHDWPHQW
VDPSOHDPDUNHG UHGXFWLRQ LQVWDLQLQJZDVREVHUYHG IRUERWKELRPDUNHUV WR
H,)(WRH,)DFFRPSDQLHGE\DVKLIWLQORFDWLRQRIH,)IURPWKH
F\WRSODVPWRWKHQXFOHXV)LJXUH%'

'LVFXVVLRQ
7RRXUNQRZOHGJHWKLVLVWKHODUJHVWVWXG\LQ0%&UHSRUWHGWRGDWHH[DPLQLQJRYHU
 FDVHV DW WKH WUDQVFULSWRPLF DQG LPPXQRKLVWRFKHPLFDO OHYHOV DFURVV IRXU
LQGHSHQGHQWGDWDVHWV.H\ ILQGLQJVZHUHXSUHJXODWLRQRIJHQHVRI WKH WUDQVODWLRQDO
LQLWLDWLRQ SDWKZD\ LQ 0%& LQ WZR LQGHSHQGHQW WUDQVFULSWRPLF VFUHHQV IROORZHG E\
 ? ?

LGHQWLILFDWLRQRI H,)(DQGH,)DV LQGHSHQGHQW SUHGLFWRUVRI VXUYLYDO HLWKHUZKHQ
HYDOXDWHGDORQHRUZKHQFRH[SUHVVHGZKHUHWKHUHZDVDQHYHQVWURQJHUQHJDWLYH
VXUYLYDOLQIOXHQFH:HDOVRSURYLGHHYLGHQFHWKDWWKHWUDQVODWLRQDOLQLWLDWLRQSDWKZD\
PD\ EH WUDFWDEOH E\ VWXG\LQJ VDPSOHV IURP D 0%& SDWLHQW ZKR UHFHLYHG DQ
LQYHVWLJDWLRQDOFRPELQDWLRQRIDJHQWVZKLFKWDUJHWWKLVSDWKZD\QDPHO\%(=DQG
(YHUROLPXV

7KHUROHRILQLWLDWLRQIDFWRUVLQWKHSURJUHVVLRQWRDPDOLJQDQWSKHQRW\SHLVUHSRUWHG
LQPDQ\FDQFHUV LQFOXGLQJEUHDVWKHDGDQGQHFN OLYHU SURVWDWHEODGGHUJDVWULF
FRORQRYDULDQJOLRPDO\PSKRPDQRQVPDOOFHOOOXQJFDUFLQRPD16&/&FHUYLFDO
VPDOO LQWHVWLQHDQGPHODQRPD>@7KLVKDVKLJKOLJKWHGH,)VQRWDEO\H,)(
DV LQGLFDWLYH RI SRRU SURJQRVLV 2ULJLQDOO\ VKRZQ WR EH RYHUH[SUHVVHG LQ EUHDVW
FDQFHU >@ H,)( LV HVVHQWLDO IRU WUDQVODWLRQ DQG LV D UDWHOLPLWLQJ VWHS LQ 51$
UHFUXLWPHQW WR ULERVRPHV >@ ,QGHHG PRVW RI WKH GLUHFW LQKLELWRUV RI WKH H,)
PDFKLQHU\ DUH WDUJHWHG WRZDUG H,)( >@ 0RUHRYHU H,)( DQG LWV DVVRFLDWHG
ELQGLQJSURWHLQVKDYHEHHQVKRZQWRFRUUHODWHZLWKVXUYLYDOGXUDWLRQLQ)%&ZKHUH
FDVHVZLWKKLJKH[SUHVVLRQRIH,)(UHODWLYHWRLWVELQGLQJSURWHLQVKDGVLJQLILFDQWO\
ZRUVHVXUYLYDO>@2XUUHVXOWVFRUURERUDWHWKHVHDQGRWKHUILQGLQJVZKHUHHOHYDWHG
H,)(H[SUHVVLRQSUHGLFWVSRRUVXUYLYDOLQ)%&>@
5HFHQWO\FDVHV IURPRXUFDVH WUDLQLQJVHWZHUHH[DPLQHG LQGHSHQGHQWO\
VXJJHVWLQJ H,)( H[SUHVVLRQ KDG QR SURJQRVWLF HIIHFW LQ 0%& >@ 7KLV DQRPDO\
PLJKWEHH[SODLQHGE\WKHGLIIHUHQWWLPHVXVHGWRHVWLPDWHVXUYLYDOLQWKHVWXGLHV
,QWKLVVWXG\VXUYLYDOVWDWXVZDVXSGDWHGLQ-XQHE\665ZKLOHVXUYLYDOGDWD
LQ WKH FDVHV XVHG E\ 0LOOLFDQ6ODWHU HW DO >@ ZDV HDUOLHU  DQG RQO\
 ? ?

DYDLODEOH IRU  FDVHV$VZHOO DVXVLQJ WKHPRVW XS WRGDWH VXUYLYDO LQIRUPDWLRQ
DYDLODEOH WKLV HPSKDVLVHV WKH QHHG IRU LQFOXVLRQ RI VXIILFLHQWO\ ODUJH QXPEHUV RI
VDPSOHV IRU UREXVWYDOLGDWLRQVWXGLHVZKHQHVWLPDWLQJ WKHHIIHFWVRIELRPDUNHUVRQ
VXUYLYDO DV ZLGHO\ GLVFXVVHG > @ 7KH ODUJH QXPEHU RI FDVHV LQ RXU WUDLQLQJ
Q  DQG YDOLGDWLRQ Q  FRKRUWV ZLWK IROORZ XS RQ ! DV ZHOO DV
FRQFRUGDQFHZLWKSUHYLRXVOLWHUDWXUH>@DUHVLJQLILFDQWVWUHQJWKVDOOSRLQWLQJ
WRZDUGV H,)( EHLQJ D SRRU SURJQRVWLF IDFWRU LQ EUHDVW FDQFHU LUUHVSHFWLYH RI
JHQGHU  *LYHQ WKDW ZH ZLVKHG WR LGHQWLI\ SRWHQWLDO JHQGHUVSHFLILF GLIIHUHQFHV LQ
JHQH H[SUHVVLRQ LQ EUHDVW FDQFHU WKLV UHVXOW PD\ EH SHUFHLYHG DV VXUSULVLQJ
+RZHYHUWKHUHDUHPXOWLSOHH[DPSOHVRIELRPDUNHUVEHLQJH[SUHVVHGLQGLIIHUHQWRU
HYHQ WKH VDPH W\SH RI EUHDVW FDQFHU EXW ZKLFK DUH RQO\ RI FOLQLFDO XVH ZKHQ
H[SUHVVHG DERYH D FHUWDLQ WKUHVKROG UHYLHZHG LQ >@ ,QWHUHVWLQJO\ VHDUFKLQJ RI
2QFRPLQHVKRZHGWKDWH,)(DQGH,)ZHUHQRWRQO\LQFUHDVHGLQWXPRXUYHUVXV
QRUPDO EUHDVW DQG OXQJ FDQFHUV EXW WKDW H,)( DQG H,) H[SUHVVLRQ ZDV
SURSRUWLRQDWHO\ KLJKHU LQ 0%& ZKHQ JHQGHUV ZHUH FRPSDUHG VXEVWDQWLDWLQJ RXU
ILQGLQJV+RZHYHUZKLOHZHKDYHVKRZQH,)(DQGH,)DUHHOHYDWHGLQ0%&WKLV
GRHV QRW SUHFOXGH WKHLU H[SUHVVLRQ DQG WDUJHWLQJ LQ )%& $V ZH PRYH WRZDUGV
SHUVRQDOLVHG PHGLFLQH FDVHVSHFLILF ELRPDUNHU H[SUHVVLRQ DQG WKHLU TXDQWLWDWLYH
H[SUHVVLRQ OHYHOV VKRXOGKHOS RSWLPLVH WDLORUHG WKHUDSLHV IRUEUHDVW FDQFHU LQERWK
JHQGHUV

$V UHSRUWHG HOVHZKHUH > @ RXU 0%& FRKRUW ZDV DOPRVW XQLYHUVDOO\ (5
H[SUHVVHGLQ!RIFDVHV$VSUHYLRXVJHQHH[SUHVVLRQSURILOLQJVWXGLHVLQGLFDWH
WKDW0%&VKDUHVPRUHIHDWXUHVZLWK(5)%&WKDQ(5)%&>@LW LVRI LQWHUHVWWR
QRWHWKDWH,)(RYHUH[SUHVVLRQKDVDOVREHHQUHSRUWHGWRQHJDWLYHO\LPSDFWVXUYLYDO
 ? ?

LQWULSOHQHJDWLYH)%&>@7KXVDVZHOODVVKDULQJJHQRPLFVLPLODULWLHVWKLVFRXOG
LQGLFDWHWKDW(50%&VVKDUHDSURJQRVWLFELRPDUNHUZLWK(5)%&

H,)LVHVVHQWLDO LQWKHWUDQVODWLRQLQLWLDWLRQSURFHVVUHVSRQVLEOHIRUWKHDVVRFLDWLRQ
RI H,) ZLWK 0HWW51$ >@ \HW LWV SUHFLVH UROH LQ FDQFHU SDWKRJHQHVLV UHPDLQV
HOXVLYH7RRXUNQRZOHGJHWKLVLVWKHILUVWWLPHLWKDVEHHQVKRZQWRQHJDWLYHO\DIIHFW
VXUYLYDOGXUDWLRQLQ0%&,QWHUHVWLQJO\FKURPRVRPHTWKHJHQHORFXVRIH,)LV
DPSOLILHG LQ EUHDVW FDQFHU FHOO OLQHV >@ %RWK H,)( H,) DQG FRPELQDWLRQV
UHPDLQHGVLJQLILFDQW UHPDLQLQJXSRQPXOWLYDULDWH&R[ UHJUHVVLRQDQDO\VLVKRZHYHU
WKLVVLJQLILFDQFHZDVUHGXFHGLQRXUYDOLGDWLRQVHWZKLFKZHDWWULEXWHWRVDPSOHVL]H
DVIROORZXSOHQJWKDQGWUHDWPHQWUHJLPHQVZHUHVLPLODULQERWKGDWDVHWV7DEOH

'HVSLWHGHWHFWLQJH,)P51$LQERWK0%&DQG)%&E\T573&5GDWDQRWVKRZQ
ZHZHUHXQDEOH WRGHWHFWSURWHLQH[SUHVVLRQE\ LPPXQRKLVWRFKHPLVWU\([SUHVVLRQ
LQ RXU SRVLWLYH FRQWURO WLVVXH HOLPLQDWHG WKH SRVVLELOLW\ RI SRRU DQWLERG\ HIILFDF\ RU
LQIOXHQFHRIRWKHUSUHDQDO\WLFDOIDFWRUV1HYHUWKHOHVVWKHUHLVLPPXQRKLVWRFKHPLFDO
HYLGHQFH WKDW H,) H[SUHVVLRQ LV GHFUHDVHG LQ SDQFUHDWLF FDQFHU > @ )XUWKHU
HYLGHQFH IURP FDQFHU SURILOLQJ DUUD\V VKRZV JHQHUDO GRZQUHJXODWLRQ RI H,) LQ
KXPDQWXPRXUV>@ZKLFKPD\H[SODLQLWVODFNRIH[SUHVVLRQ

7KHUHFRJQLVHGFRQWULEXWLRQRIH,)VWRWXPRULJHQHVLVKDVOHGWRWKHLULQYHVWLJDWLRQDV
WKHUDSHXWLFDOO\ WUDFWDEOH WDUJHWV SDUWLFXODUO\ XVLQJ DQWLVHQVH DSSURDFKHV RU VPDOO
PROHFXOHLQKLELWRUV>@$SKDVHRQHFOLQLFDOWULDOVKRZHGUHGXFWLRQRIH,)(SURWHLQ
 ? ?

E\XSWRE\DQDQWLVHQVHROLJRQXFOHRWLGH/<LQPRVWRIWKHSDWLHQWV
WHVWHG>@2WKHUWDUJHWVRIH,)VLQFOXGH3,.DQGP725LQKLELWRUV5DSDP\FLQDQG
DQDORJXHVXSVWUHDPVLJQDOOLQJLQKLELWRUVRIWUDQVODWLRQLQLWLDWLRQDUHQRZLQWKHFOLQLF
>@:HDVVHVVHGH,)(DQGH,)H[SUHVVLRQLQD0%&SDWLHQWZKRZDVWUHDWHG
ZLWKDJHQWVNQRZQWRLPSDFWWKHVHVLJQDOOLQJSDWKZD\VQDPHO\WKHP725LQKLELWRU
(YHUROLPXV$ILQLWRU5$'JLYHQLQFRPELQDWLRQZLWK%(=DQLQKLELWRURIFODVV
, 3,. PROHFXOHV DQG WKH P725& DQG P725& FRPSOH[HV 7KLV FOHDUO\
GHPRQVWUDWHG D VWULNLQJ UHGXFWLRQ LQ H[SUHVVLRQ RI H,)( DQG H,) ! LQ WKH
SRVWWUHDWPHQW VDPSOHV $V WKH P725& SDWKZD\V DUH XSVWUHDP RI H,)( >@
ZHSUHGLFWWKHLULQKLELWLRQPD\UHVXOWLQGHFOLQLQJOHYHOVRIH,)SURWHLQV$QRWKHUVWXG\
VKRZHGDUHGXFWLRQLQH,)(H[SUHVVLRQLQDSSUR[LPDWHO\RQHWKLUGRIEUHDVWFDQFHUV
IROORZLQJWUHDWPHQWZLWK(YHUROLPXV>@$VRYHUH[SUHVVLRQRIERWKH,)(DQGH,)
ZDVDVVRFLDWHGZLWKZRUVHRYHUDOOVXUYLYDO LQ0%& LW LV WHPSWLQJ WRVSHFXODWH WKDW
DFWLRQ RI WKH %(=(YHUROLPXV FRPELQDWLRQ FRXOG GHUHJXODWH WKHLU PROHFXODU
SDWKZD\V UHVXOWLQJ LQ UHGXFWLRQ LQ WKHLU H[SUHVVLRQ OHDGLQJ WR VXUYLYDO EHQHILW DV
VWDEOHGLVHDVHZDVPDLQWDLQHG IRUPRQWKVDIWHU WKH%(=(YHUROLPXVVZLWFK
+RZHYHU LW LVZRUWKQRWLQJ WKH SDWLHQW KDGDOUHDG\EHHQKHDYLO\ WUHDWHGZLWKRWKHU
FKHPRDQGHQGRFULQHDJHQWVSULRUWRWKLVVZLWFKZKLFKPD\KDYHFRQWULEXWHGWRWKH
UHGXFWLRQLQH,)(DQGH,)H[SUHVVLRQZHUHSRUW1HYHUWKHOHVVWKLVLQWULJXLQJUHVXOW
LV VXSSRUWHG E\ in vivo DQLPDO GDWD LQ ZKLFK VXSSUHVVLQJ P725 DFWLYLW\ DQG LWV
GRZQVWUHDPWUDQVODWLRQDOUHJXODWRUVGHOD\HGEUHDVWFDQFHUSURJUHVVLRQ>@&OHDUO\
IXUWKHU YDOLGDWLRQ LV UHTXLUHG /DFNRI VSHFLILF PDOHEUHDVW FDQFHU FHOO OLQH PRGHOV
SUHFOXGHV WKLV in vitro SRWHQWLDOO\ WKLV FRXOG EH FRQVLGHUHG LQ WKH FRQWH[W RI 0%&
VSHFLILFFOLQLFDOWULDOVHJDVUHFRPPHQGHGE\WKH,QWHUQDWLRQDO0DOH%UHDVW&DQFHU
3URJUDP >@ $QRWKHU LQWHUHVWLQJ REVHUYDWLRQ ZDV WKH UHORFDWLRQ RI H,) IURP D
 ? ?

F\WRSODVPLFWRDQXFOHDUORFDWLRQLQWKHSRVWWUHDWPHQWVDPSOH$VWKHDVVRFLDWLRQRI
H,)ZLWK0HWW51$E\H,)RFFXUVLQWKHF\WRSODVP>@WKHELRORJLFDOUHDVRQVIRU
LWVSUHVHQFHLQWKHQXFOHXVLVXQNQRZQ

,Q VXPPDU\ JHQH H[SUHVVLRQ DQDO\VLV UHYHDOHG WKDW FRPSDUHG WR )%& JHQHV
LQYROYHG LQ WKH WUDQVODWLRQDO LQLWLDWLRQ SDWKZD\ DUH RYHUH[SUHVVHG LQ 0%&
FRUURERUDWHG E\ in silico YDOLGDWLRQ LQ DQ LQGHSHQGHQW GDWD VHW DQG
LPPXQRKLVWRFKHPLFDO DQDO\VLV GHPRQVWUDWLQJ WKDW RYHUH[SUHVVLRQ RI H,)( DQG
H,)DUHSUHGLFWLYHRIUHGXFHGSDWLHQWVXUYLYDOLQ0%&VZLWKORQJWHUPIROORZXS
7RJHWKHUZLWKRXUGDWDRQSUHDQGSRVWWUHDWPHQWHYDOXDWLRQRIWKHVHELRPDUNHUVLQ
D 0%& SDWLHQW RXU ILQGLQJV VXJJHVW WKDW 0%&V WKDW RYHUH[SUHVV H,)( DQG H,)
PLJKW EH FRQVLGHUHG DV FDQGLGDWHV IRU WUHDWPHQW ZLWK DJHQWV ZKLFK WDUJHW WKH
WUDQVODWLRQPDFKLQHU\LQFDQFHU,QGHHGSUHFOLQLFDOGDWDVXSSRUWWKHXVHRILQKLELWLRQ
RIWUDQVODWLRQLQLWLDWLRQDVDQHPHUJLQJQHZSDUDGLJPLQFDQFHUWKHUDS\>@

$FNQRZOHGJHPHQWV
7KH %UHDVW &DQFHU 1RZ 7LVVXH %DQN SURYLGHG FDVHV 'UV 7KRPDV +XJKHV
5HEHFFD0LOOLFDQ6ODWHUDQG3URI$QGUHZ+DQE\8QLYHUVLW\RI/HHGVDQG6W-DPHV
V
8QLYHUVLW\+RVSLWDO/HHGVJDYHKHOSIXOFRPPHQWVRQPDQXVFULSWGUDIWV'U&DOODUL
DQG WKHSHUVRQQHORI7LVVXH%DQNRI WKH)RQGD]LRQH ,5&&6 ,VWLWXWR1D]LRQDOHGHL
7XPRUL 0LODQ KHOSHG LQ PLQLQJ KLV SUHYLRXVO\ SXEOLVKHG 0%& GDWDVHW >@ DQG
VDPSOH FROOHFWLRQ UHVSHFWLYHO\ 6SHFLDO WKDQNV WR 'U 'DYLG &DLUQV 3URI &KDUOHV
7D\ORU DQG $OH[ :ULJKW 8QLYHUVLW\ RI /HHGV IRU DGYLFH RQ VWDWLVWLFDO DQDO\VLV DQG
SRVLWLYHSL[HODOJRULWKPVUHVSHFWLYHO\
 ? ?

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